Addaia Bay is a rather small (85 ha), shallow (less than 12 m depth) and sheltered bay situated on the northern coast of Menorca (Balearic Islands, western Mediterranean), where the seabed is mostly covered by seagrass meadows. The seagrass Cymodocea nodosa dominates the inner parts of the bay, with densities up to 2325 shoots m~2, while Posidonia oceanica covers most of the outer part, with shoot densities ranging from 235 shoots m~2 in deep waters to 950 shoots m~2 at a depth of 2.5 m. Other widespread phytobenthic communities are dominated by Caulerpa prolifera (muddy bottoms), photophilic algal stands (rocks and dead Posidonia rhizomes), and Ruppia cirrhosa (very sheltered sites). The presence of a well preserved barrier reef made up of Posidonia oceanica in the eastern part of the bay is noteworthy, since these formations have disappeared or are in regression all over the Mediterranean coasts. The lagoon, situated at the inner side of the Posidonia reef, is covered by dense Cymodocea nodosa stands and free-living algae (Valonia aegagropila, Rytiphloea tinctoria and maerl). The only anthropic disturbances affecting the bay seem to be the construction of a marina and dredging. Considering the biomass values and the surfaces occupied by each community, the total phytobenthic standing crop of Addaia Bay in summer has been estimated as 12201 dw (4911 dw if the below ground biomass of Posidonia oceanica is not considered). Seagrasses account for nearly the 95% of the total biomass. Average primary production has been estimated to be around 530 g dw m~2 y" 1 , which emphasizes the important contribution of these bays to the total productivity of Mediterranean coastal areas and the predominant role played by seagrass meadows in these environments.
Introduction
Shallow, sheltered bays are some of the most vulnerable benthic ecosystems to anthropic disturbances. In fact, undisturbed sheltered bays are extremely rare in the northwestern Mediterranean, since they have been favourite sites for human settlement from preRoman times and at present they are preferential places for touristic development (Boudouresque et al. 1985) .
Seagrass meadows dominate the benthic assemblages of Mediterranean, non-^heavily disturbed, sheltered bays. The development and long-term succession of these meadows is well documented (Molinier and Picard 1952 , Peres and Picard 1964 , Augier and Boudouresque 1970 , Boudouresque and Meinesz 1982 and several studies have been devoted to the description of their structure and productivity (e. g. Bedhomme et al. 1983 , Bay 1984 , Caye and Meinesz 1985 , Perez and Camp 1986 , Perez and Romero 1991 , Terrados and Ros 1992 , Marbä et al 1996 .
Nevertheless, little attention has been paid to the cartography of seagrass meadows (Meinesz et al 1988) , although their distribution and extension are of major importance to determine their relative importance in the functioning of these bays. The availability of an accurate cartography is also useful for monitoring eventual changes that can be induced by human activities (Colantoni et al 1982) .
In this paper we describe and chart the benthic communities thriving in Addaia Bay, a rather undisturbed sheltered bay situated on the northern coast of Menorca (Balearic Islands). The exceptionally good conservation of the assemblages found in Addaia are important as they may represent most of the benthic communities once widespread in similar habitats throughout the western Mediterranean.
Materials and Methods
Addaia Bay is a long (2200m) and narrow (100 to 400m) irregular, small (85 ha) bay located on Menorca (40°OO" N, 4°12O" E) (Fig. 1 ). In the early seventies most of the bay was not urbanized except for some country houses and a small fishermen's village (Na Macaret) situated at the outer western part of the bay. In the early eighties Na Macaret expanded, and a new urbanization and a small (1.6 ha) marina were built on the western part of the bay. Nowadays, 28% of the coastline has been somehow modified (urbanization, marina), and 15% is occupied by grassland. Shrub-dominated Mediterranean vegetation covers the rest of the non-modified coastline, with sparse small forests of Tamarix and patches of halophile vegetation (Juncus, Arthrocnemum). Other human impacts include permanent offshore moorings, the occasional anchorages, and the consequences of boat traffic. The watershed is very reduced and no perennial freshwater sources flow into the bay, the innermost part of the bay being occupied by a salt pan.
Aerial photography and diving observations were used to make the chart of Addaia Bay, following methods described in Meinesz et al (1981) , Ramos (1984) , Boudouresque et al. (1985) and Meinesz et al. (1988) . Bay bathymetry was prepared from a series of echo-sounder transects spaced at 100 meters intervals. An aerial photograph (Flight Par 3, colour shot 9580, July 1990, scale 1 : 5000) was used to delimit different colour and texture patches. The shoreline and all the boundaries and patches delimited were transferred to a first draft chart. The bathymetric transects were examined by snorkeling or SCUBA diving in September 1995 and the patches identified in the aerial photograph were attributed to benthic communities characterized by dominant species and substrate. Every small patch not crossed by the transects and the inner-bay deep waters, where aerial photographs had no resolution, was accurately scanned by diving. Diving exploration also allowed segregation of different communites (e. g. dead Posidonia rhizome from photophilic algae on rocky substrate) that were not distinguishable on the photograph. Additional boundaries, not apparent on the photographs, were also traced. This procedure provided a second draft map, which was corrected and improved by several new dives in August 1996 to obtain a final map. Surfaces occupied by each community were estimated after computer preparation of the final map using CANVAS software for Macintosh.
Macroalgal and seagrass biomass were quantified for each community from samples collected in August and September. Shoot density of Posidonia oceanica (L.) Delile was measured at depths of 0.5, 2.5, 4.5 and 9.0 m by means of 20 quadrats of 20 cm X 20 cm placed at random in the meadow (Giraud 1977 , Boudouresque et al 1980 . Sixteen shoots were collected at each depth and leaf and epiphyte dry biomass (48 hours at 70 °C) for each shoot was calculated. Above-ground total plant biomass was estimated taking into account density and shoot biomass measures. Sampling on Ruppia cirrhosa, Cymodocea nodosa, Caulerpa prolifera, and rocky photophilic algal communities was performed by collecting from an area of 400 cm 2 of seabed using the procedures described in Boudouresque (1971) . On soft bottoms, the depth of the sediment collected always exceeded 15cm, so underground biomass was also removed. The resultant block of macrophytes and sediment was carried up to the surface, cleaned of sediment and detritus, fixed in 4% formaldehyde : seawater, and sorted in the laboratory. Abundance of each species was quantified as dry biomass (48 hours at 70 °C) and the number of shoots of the different seagrass species was counted.
Results

Cartography
Addaia Bay has extensive zones of very shallow water situated at the end of three different basins. The central basin is the longest and most of it has a central, relatively deep, channel. The western basin has a similar morphology although being shorter. The eastern basin lacks a central channel and ends up in a shallow, sheltered lagoon (Fig. 2) .
Twelve main benthic communities have been considered to draw the final bionomic chart of Addaia Bay (Fig. 3) . Six seagrass-dominated communities were distinguished. Pure Posidonia oceanica stands and Posidonia oceanica patches among dead rhizome were the dominant communities at the outer part of the bay, although small areas with Posidonia occurred in the shallows of the inner central and eastern basins. A barrier reef of Posidonia oceanica Picard 1952, Ros et al. 1985) delimited a shallow lagoon at the innermost part of the eastern basin. Cymodocea nodosa meadows (mixed with the green alga Caulerpa prolifera, without Caulerpa, or patchy outgrowths between boulders) were dominant at the inner parts of the three basins, at depths ranging from 0 to 4 m. A small Ruppia cirrhosa meadow was found in an extremely sheltered, shallow part of the central basin. Small areas of dead rhizomes of Posidonia oceanica covered by photophilic algae were present in the shoals at the entrance of the bay and close to Na Macaret quay. Stands of Caulerpa prolifera covered some of the muddy bottoms of the central basin, at depths between 2 and 9 meters. Scattered rocks and the areas of rocky coastline, between 0 and 2 meters depth, were covered with photophilic brown and red algae. Littoral muddy bottoms with filamentous blue green algae occurred in a sheltered part of the lagoon of the eastern basin. Muddy bottoms devoid of macrophyte development covered extensive areas in the channels of the western and central basins. Finally, small patches of sandy bottoms were found in the more exposed zones near the shoals at the entrance of the bay, and in the eastern basin.
The total surface covered by each community is summarized in Table I . Cymodocea nodosa meadows occupy 44% of the bay, while Posidonia oceanica beds, healthy or mixed with dead rhizomes, cover high 20%, while the other communities only account for the remaining 5%.
Description of communities
At least three kinds of Posidonia oceanica meadows can be distinguished in Addaia Bay according to their morphological features. The Posidonia barrier reef localized at the end of the eastern basin and the shallow patches of Posidonia thriving in sheltered areas of the central basin have an irregular structure, with raised and sunken parts covered with Posidonia or dead rhizome; their density averages 600 shoots m~2 and leaves are heavily colonized by epiphytes in summer (Table II) . Meadows situated at depths ranging from 2 to 12 meters are continuous and patches of sand or dead rhizome are rare; their density ranges from 950 shoots m~2 in shallow waters to 240 shoots m~2 in deep waters; epiphyte biomass is the highest in meadows at intermediate depths (Table II) . In some shallow areas shoots of Posidonia are scarce and dead rhizome, overgrown by photophilic algae, dominate. There are also some meadows that develop in the steep channel slopes of the central basin, where shoot density is patchy and usually very low. Three kinds of Cymodocea nodosa meadows can also be distinguished depending on their dominant Table II . Average above-ground biomass, epiphyte biomass, and shoot density at different depths, in the Posidonia oceanica meadows from Addaia Bay in summer.
Posidonia oceanica
Leaves and sheaths (g dw m~2) Epiphytes (g dw m~2) Shoots m" species composition. Pure Cymodocea stands have the highest density ajid biomass (Table III) . Cymodocea nodosa coexists with Zostera noltii in some parts of the inner part of the central basin and Zostera even can be the dominant species in some areas. However, there are no pure Zostera beds in Addaia. Shoot density and biomass of these species in these mixed meadows are highly variable (Table III) . Cymodocea nodosa can also constitute mixed meadows with Caulerpa prolifera that can be considered as a transition between Cymodocea stands from very shallow waters and the muddy bottoms with Caulerpa prolifera thriving in relatively deep waters; density and biomass of Cymodocea is usually high (Table III) . Other species that are occasionally abundant in these Cymodocea meadows are the green algae Halimeda tuna, Valonia aegagropila and Chaetomorpha linum, and the red algae Rytiphloea tinctoria, Lithothamnion corallioides and Alsidium corallinum (Table IV) .
Although the distribution of Ruppia cirrhosa is very reduced (Fig. 3) , the meadow is well delimited and has a very high shoot density. The total biomass of the community amounts to 280 g dw m~2 (Table  IV) . Some shoots of Cymodocea nodosa can also be present. Cladophora liniformis was abundant in September 1995 (Table IV) but Chaetomorpha linum and blue green algae bloomed in August 1996 completely removing the above-ground biomass of Ruppia cirrhosa.
Density and biomass of Caulerpa prolifera in the communities dominated by this species is very variable since there are all the possible situations from dense stands thriving in compact sediments to muddy bottoms almost devoid of Caulerpa. Species composition and abundances of dense stands are given in Table IV . Caulerpa prolifera is always the dominant species although the seagrass Zostera noltii and Cymodocea nodosa are usually present. Other abundant macroalgae are Cystoseira ercegovicii, Cladophora vagabunda and Cladophora rupestris. Phytobenthic communities of Addaia Bay 527 The rocky coastline and the scattered rocky bottoms are covered by photophilic algal communities. Cystoseira species (mainly Cystoseira crinita and Cystoseira ercegovicii) and the epiphyte Corallina granifera dominate at shallow depths (0-1 m), while Padma pavonica dominates in deeper areas. The encrusting coralline Spongites notarisii is always the dominant species in the basal stratum (Table IV) . Species richness is high and the average algal biomass ranges from 2120 g dw m"
2 for Cystoseira-dominated communities to 930 g dw m~2 for Padina-dominated communities (Table IV) .
Macrophyte cover in sandy and muddy bottoms is restricted to scattered shoots of seagrasses (Cymodocea, Zostera) and some fronds of Caulerpa. Blue green algal beds in the eastern basin lagoon are mainly made up of filamentous species, with no macroalgae or seagrasses present.
Discussion
Cartography of shallow, highly patchy, benthic communities is a rather difficult and long task. Subsequently, detailed bionomic charts of coastal areas are very scarce in the Mediterranean. They are usually restricted to marine reserves or national parks such as Port-Cros Boudouresque 1970, 1976) , Medes islands , Nueva Tabarea (Ramos 1985) , Columbretes islands (Garcia Carrascosa 1987) or Elbu Bay (Meinesz et al. 1988) , coastal lagoons (Perez-Ruzafa et al 1989) , harbours (Pergent et al 1991) , or noteworthy underwater biogenie structures (Boudouresque et al 1985) . Addaia Bay is an excellent example of an enclosed bay with a broad representation of the major benthic Mediterranean communities thriving in sheltered shallow areas. Cymodocea nodosa is restricted to sedimentary bottoms from sheltered areas not occupied by Posidonia oceanica, which prefers open areas. Cymodocea nodosa beds also colonize dead rhizomes of Posidonia oceanica in the shallow lagoon at the inner part of the eastern basin and in the margins of the central basin, in agreement with the hypothesis of the Posidonia barrier reef formation (Peres and Picard 1964) , and in accordance with Posidonia and Cymodocea ecological requirements (den Hartog 1970) . Zostera noltii is always mixed with Cymodocea nodosa in very shallow areas and never forms pure stands, as has been found in other Mediterranean bays and lagoons (e.g. Molinier and Picard 1953 , Hoek 1960 , Augier and Boudouresque 1970 , Perez and Camp 1986 . Ruppia cirrhosa meadows are restricted to the most sheltered areas where fluctuations in temperature and salinity may be higher, also in accordance with its eurybiontic attributes (Verhoeven 1979) . Finally, Caulerpa prolifera preferentially develops in muddy areas with low Cymodocea and Zostera coverage, as indicated by Meinesz (1972) .
The existence of a well-developed Posidonia oceanica barrier reef is noteworthy, since most of these formations have disappeared or are in clear regression all over the Mediterranean due to pollution, dredging or other anthropic disturbances (Augier and Boudouresque 1970; Boudouresque et al 1975 Boudouresque et al , 1980 Boudouresque et al , 1985 . The structure of the reef and the adjacent lagoon is similar to the structure described for the Port-Cros formation (Augier and Boudouresque 1970) . However, some differences can be pointed out. The lagoon is very extense and shallow, with a maximum depth above 1 m, and it is covered by a luxuriant meadow of Cymodocea nodosa. The absence of silty sediments, even in the shallowest parts, probably accounts for the lack of a Zostera noltii meadow at the inner part of the lagoon, since this species preferably thrives on silt and mud (Peres and Picard 1964) . The lack of freshwater inputs into the lagoon also prevents the development of Zostera noltii, since the speed and rate of success of germination are increased by periods of low salinity , Loques et al 1990 . There is a great development of benthopleustophytes (mainly Valonia aegagrophila, Rytiphloea tinctoria and Lithothamnion corallioides) which lie below the leaves of Cymodocea nodosa. Similar populations are also found in other parts of the central basin of Addaia, always on Cymodocea bottoms with sand or gravel, as previously described from lagoons and coastal valleys from Italy (Calvo et al 1982 , Giaccone et al 1994 .
Shoot densities of Posidonia oceanica recorded in Addaia (Table II) are similar to those recorded in Medes Islands or Port-Cros (Romero 1989, PergentMartini and , but rather low when compared to other meadows . Epiphyte biomass is also similar or higher than other values reported in the literature , Mazzella and Ott 1984 , Ballesteros 1987 , Romero 1988 . Living root and rhizome biomass, although not measured in our samples, can be roughly estimated as 3050 g dw m~2, taking into account the average below-ground biomass of shallow (above 13 m) Posidonia oceanica meadows measured in Ischia (Romero et al 1992) and Medes Islands (Mateo 1995) . Shoot densities (1000-1900 shoots m~2) and biomass (up to 170 g dw m~2) of Cymodocea nodosa are also in the ranges reported from other meadows (Perez and Camp 1986 , Peduzzi and Vukovic 1990 , Terrados and Ros 1992 , Reyes et al 1995 . On the contrary, Zostera noltii densities (200-1600 shoots m~2) are lower than those reported by other authors (Perez and Camp 1986 , Lent et al 1991 , Vermaat et al 1993 , Perez-Llorens and Niell 1993 , probably because Zostera always constitutes mixed meadows with Cymodocea in Addaia. Although seasonal and interannual variations in biomass of Ruppia cirrhosa are very important, our biomass measures from September 1994 in Addaia, are higher than those found in northern Table V . Estimates of total plant (seagrass and algal) biomass of the different phytobenthic communities from an areal basis (g dw m~2) and for the whole Addaia Bay (t dw), considering the area occupied by each community. Area occupied by the communities Posidonia/dezd rhizome and Cymodocea/boulders (see Table I Europe (Verhoeven 1980) , and similar to other data reported from shallow bays and lagoons, also in September, in the Ebro Delta (Spain) (Perez 1989, Menendez and Comin 1989) . Biomass of Caulerpa prolifera (90-190 g dw m~2) is also similar to biomass from other Mediterranean meadows of this species (Meinesz 1979 , Ballester 1985 , Ballesteros 1990 , Terrados and Ros 1995 . Finally, the biomass of photophilic algae, collected from rocky substrata or dead seagrass rhizome, is consistent with values obtained by Ballesteros (1992) . Pollution, unbalanced sediment budgets, and eroding processes (anchoring, digging, trawl fishing) cause the disappearance of Posidonia oceanica meadows Lefevre 1978, Peres 1984) , and the substitution of Cymodocea nodosa meadows by muddy bottoms, sometimes covered by Caulerpa prolifera or by highly seasonal, abnormal developments of Ulvales, Cladophorales, Gracilaria, and other ubiquitous algae (Cecere et αϊ 1991 , Giaccone 1993 , Sfriso et αϊ 1993 , Morand and Briand 1996 . Dredging, trampling and pollution cause the regression of Posidonia oceanica reefs (Boudouresque et a I. 1975) . On shallow rocky areas affected by pollution or overfishing, the Cystoseira-dominated communities are substituted by communities dominated by Dictyotales and Corallinales (Ballesteros et al. 1984 , Verlaque 1987 , Hoffmann et al. 1988 , Boudouresque et al 1990 , Giaccone 1993 . Thus, according to the composition and extension of its phytobenthic communities, it can be stated that Addaia Bay is in a rather healthy condition. The only important anthropic disturbance seems to be the marina construction and the dredging of the marina and of the central channel of the main basin, which probably accounted for the die-off of all the vegetation from this area and the spreading of the muddy bottoms devoid of macrophytes.
Considering the biomass values and the surfaces occupied by each community, the total phytobenthic standing crop of Addaia Bay in summer (August) can be estimated as 12201 dw (4911 if below-ground biomass of Posidonia oceanica is not considered) ( Table  V) . Posidonia oceanica meadows account for most of the standing crop of the bay (79%), even if belowground biomass is not considered (48%). Seagrasses account for nearly the 95% of the total biomass. A rough estimate of benthic primary production can be obtained from the summer biomass values of the main species, the area occupied by each species, and the productivity data obtained from the literature (Table VI) . The figure of 4591 dw y~J for the whole Table VI . Estimates of primary production (per m 2 and total) of each species or groups of species from the different phytobenthic communities distinguished in Addaia Bay, considering productivity data from the literature, summer biomass of the different species (see tables II to IV), and area occupied by each species or groups of species. Differences on the productivity of leaves, rhizomes, and roots have been taken into account to estimate seagrass production. bay represents an average areal production of 530 g Acknowledgements dw m 2 y ! , which is rather high when compared to estimates from other Mediterranean bays (75 to 230 g dw m~2y~1; Perez 1989) and similar to the roughly 600 g dw m~2 ~l obtained for the Mar Menor lagoon (Terrados and Ros 1991) . These values emphasize the important contribution of benthic primary production to the productivity of Mediterranean coastal areas and the predominant role played by seagrass meadows in these environments.
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